Cytosine methylation plays a crucial role in the regulation of gene expression and the control of genome stability in higher eukaryotes. Despite its importance for normal development, the degree and genome-wide distribution of DNA methylation has remained largely unknown. In this issue of Cell, Zhang et al. (2006) fill this gap by presenting a high-resolution map of DNA methylation in the genome of the flowering plant Arabidopsis.
Plants are immobile and therefore need to cope effectively with environmental stresses. To this end, plants have a stress hormone, abscisic acid (ABA), that enables plants to survive recurring stresses such as drought, cold, and high salt in soils. Studies have indicated that ABA concentrations can be rapidly increased in response to these osmotic stresses. However, the mechanisms underlying this phenomenon have remained unclear. Previous research has shown that ABA can be conjugated with glucose, which represents an inactive pool of ABA (Dietz et al., 2000; Hartung et al., 2002; Nambara and Marion-Poll, 2005) . In this issue of Cell, Lee et al. (2006) demonstrate that the cleavage of glucose-conjugated ABA by an ABA-specific β-glucosidase, AtBG1, is a new way to produce bioactive ABA in response to dehydration stress and also day/ night conditions. Endogenous ABA levels increase when plants are subjected to osmotic stress and decrease when rescued from stressed conditions. These changes are regulated through the rate of ABA synthesis and ABA breakdown (Figure 1 ) (Nambara and Marion-Poll, 2005) . Xanthoxin synthesis catalyzed by 9-cis-epoxycarotenoid dioxygenases is known to be the rate-limiting step in de novo ABA synthesis, whereas ABA breakdown is mediated by the P450 proteins, named CYP707As, which results in production of phaseic acid as the breakdown product (Figure 1) .
ABA is also conjugated with glucose, resulting in formation of an ABA glucose ester (ABA-GE) (Figure 1 ).
ABA-GE is one of the major inactive forms of ABA and is widespread in the plant kingdom (Hartung et al., 2002 The hormone abscisic acid regulates development and survival of plants in response to environmental stresses. Lee et al. (2006) now demonstrate that in response to stress, abscisic acid can be made available via polymerization of a β-glucosidase enzyme. This enzyme is reported to hydrolyze glucose-conjugated abscisic acid, thus increasing active abscisic acid concentrations. De novo abscisic acid (ABA) synthesis is initiated in plastids via the oxidative cleavage of xanthophylls. The cleaved product xanthoxin moves to the cytoplasm and is modified further in the cytoplasm to produce ABA. ABA is inactivated through multiple pathways either by oxidation or conjugation. Glucose-conjugated ABA (ABA-GE) and phaseic acid (or it's reduced form dihydrophaseic acid) are the major inactive forms of ABA. Lee et al. (2006) demonstrate that the intracellular β-glucosidase AtBG1 cleaves ABA-GE to produce ABA as a new route of ABA production under osmotic and drought stress conditions and during day/night cycles. The activity of AtBG1 is enhanced by the polymerization of this enzyme, which is induced by these environmental factors. Therefore, the cleavage of ABA-GE is proposed as an alternative route for rapid ABA synthesis in response to changes in stress and light conditions. but cause a stepwise increase in ABA-GE levels correlating with the number of cycles (Zeevaart 1983) . It has remained unclear whether this accumulation of ABA-GE is merely a sign of stress history or a stored form of releasable ABA (Hartung et al., 2002) . Lee et al. (2006) reveal that ABA-GE can be hydrolyzed in response to stress by the β-glucosidase AtBG1, thus leading to an increase in the active ABA concentration. In addition to its role in stress responses, ABA also affects many developmental processes, including induction and maintenance of seed dormancy, thereby inhibiting seed germination. Lee et al. (2006) report that loss of function of the atbg1 gene (that encodes a β-glucosidase) causes a reduction in the ABA concentration in seeds and concomitantly an earlier germination of seeds. ABA also mediates closing of stomatal pores in the surface of leaves in response to drought stress. Stomatal pores allow the influx of CO 2 from the atmosphere into leaves, but at the same time these pores are the major conduits for plant water loss. Therefore, the closing of stomatal pores induced by ABA reduces water loss in plants. Lee et al. (2006) show that overexpression of AtBG1 results in increased ABA concentrations, causing reduced water loss and enhanced drought resistance of plants, even in response to mild drought treatments (such as exposure of plategrown plants to 30% humidity for 10 hr). The authors also report that stomatal closing induced by darkness is impaired in atbg1 loss-offunction mutant leaves (Lee et al., 2006) , indicating that ABA production may be required for this response to darkness. On the other hand, Lee et al. (2006) also report a reduction in whole leaf ABA concentration at night time during day/ night cycles. It will be interesting to determine the cause for the apparent difference in ABA levels during darkness-induced stomatal closing and dark phases of day/night cycles.
The authors further identify a mechanism by which stresses and day/night cycles regulate the ABA-GE glucosidase activity of AtBG1. Previous work has suggested that formation of active β-glucosidases requires polymerization of β-glucosidase monomers (Kim and Kim, 1998) . Interestingly both mild drought treatments and day/night cycles are shown to cause a progressive polymerization over time of the AtBG1 protein up to a final molecular weight of 600 kDa (AtBG1 monomer MW is ?60 kDa) (Lee et al., 2006) . Furthermore the high-molecularweight complex showed an increase (>3-fold) in ABA-GE hydrolysis activity compared to the low-molecularweight fraction (Figure 1 ).
These findings could have implications for the local production of ABA, for example in leaves, during stress via hydrolysis of a pre-existing pool of inactive ABA-GE. A classical model has proposed that droughtstressed roots produce ABA, which is then transported to leaves via the xylem, as part of the "root-to-leaf" drought signal. However, Christmann et al. (2005) examined the expression of reporters controlled by ABAinducible promoters to noninvasively determine where and when ABA is produced in intact plants in response to drought stress of roots. This recent study provided evidence that ABA production occurs in leaves, leading to a new model in which a different signal than ABA transmits the drought stress response from roots to leaves, and this unknown "root-to-leaf" longdistance signal in turn causes ABA production in leaves (Christmann et al., 2005) . Lowering the ambient humidity in the air surrounding leaves leads to a rapid partial closing of stomatal pores in leaves. A recent elegant genetic screen has isolated two mutants that are defective in this rapid stomatal closure induced by low humidity (Xie et al., 2006) . Interestingly, the two isolated mutant genes encode ABA biosynthesis (ABA2 short-chain dehydrogenase/reductase) and ABA signal transduction (OST1/SnRK2e protein kinase) components. This result led to the model that a rapid drop in humidity in air surrounding leaves results in a rapid increase in local ABA levels and thus stomatal closing. It will be interesting to determine whether the findings of these two recent studies (Christmann et al., 2005 and Xie et al., 2006) can at least in part be explained by AtBG1-mediated ABA production in leaves from conjugated ABA-GE. Consistent with such a model, cell type-specific microarray analyses of guard cells and mesophyll cells (Leonhardt et al., 2004) indicate guard cell expression and even higher mesophyll expression levels of AtBG1 mRNA. Current publicly available microarray data indicate that expression of AtBG1 is apparently very high in the shoot apex and in reproductive plant organs, implicating possible roles for AtBG1 in development or in stress responses to ABA in these tissues (Zimmermann et al., 2004) .
ABA-GE is located in intracellular storage organelles (vacuoles), in xylem sap, and probably in the cytosol and cell wall as well (Dietz et al., 2000) . Lee et al. (2006) show that the AtBG1 β-glucosidase is located in the endoplasmic reticulum (ER) and remains in the ER during stress responses. Thus the authors propose that an important aspect of stress responses may be the activation of transporter proteins that shuttle ABA-GE into the ER. The authors further examined where AtBG1-dependent ABA accumulates in the cell. Using ELISA (enzyme-linked immunosorbent assays) and collection of different compartment fluids to quantify hormone levels, Lee et al. (2006) report that ABA accumulation in the extracellular space is markedly reduced in atbg1 mutant plants. In contrast, no large differences were found in intracellular and xylem sap ABA concentrations between wild-type and atbg1 plants. Additional analyses using mass spectrometry techniques would allow the quantitation of ABA precursors and breakdown products, which could be useful to evaluate whether or not the classical pathway (i.e., de novo ABA synthesis) is also involved in the rapid increase in ABA levels. The cellular location of DNA methylation has been described in both prokaryotes and eukaryotes. In prokaryotes, DNA methylation is part of a system of defense against bacteriophages and occurs at both cytosine and adenine residues (Wilson and Murray, 1991) . However, in multicellular organisms, ranging from plants to humans, DNA methylation is found almost exclusively at cytosine residues and contributes to epigenetic regulation of gene expression by reducing the transcriptional activity of chromatin (Figure 1) . In this issue, Jacobsen, Ecker, and colleagues (Zhang et al., 2006) report a genome-wide map of DNA methylation in the flowering plant Arabidopsis-the first of its kind for any organism.
DNA methylation is essential for the normal development of most multicellular organisms (Klose and Bird, 2006) . For instance, targeted disruption of the mouse DNA methyltransferase genes Dnmt3a and Dnmt3b leads to embryonic lethality, and a particular mutation in human DNMT3b causes ICF syndrome, named for its primary symptoms: immunodeficiency, centromeric instability, and facial anomalies. In Arabidopsis, mutations that reduce DNA methylaThe First High-Resolution DnA "Methylome"
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